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FOREWORD

Improving the qualicy of teaching
in America’s schools continues to
be a central focus of educational
reform. Increasing salaries, chang-
ing licensing requirements, and
improving pre-service instruction
arc just some of the major initia-
tives targeted to bringing betrer
prepared teachers into the class-
room. Certainly, there is ample
evidence, including the findings
from this report, that well-pre-
pared teachers produce more
successful learners, Recruiting
and preparing high quality teachers
must remain a priority for
policymakers.

Yet, Harold Wenglinsky, in
this significant report, reminds us
that ateencion only at the front end
of the teacher pipeline is insuffi-
cient. Simply put, even if recruit-
ing and preparation efforts were
wildly successful, roday’s students
do not have the luxury of waiting
for a new generation of highly
qualified teachers to staff our
schools. For these students, it is
imperarive that their classroom
teachers, today, are as effective
as possible.

Wenglinsky's report is an
optimistic one, giving us rcason to
belteve that effective professional
development does make a differ-
ence in student achievement. Of
course, much of the professional
development in our schools has
been criticized as being superficial
and irrelevant. What makes this
report so important is thac it

begins to tease out the quality of
professional develepment and its
relationship to student learning.
Professional development that
attends to student learning of
smportant skills and concepts
appears to matter, and matter for
all students in mathematics and
science. Other kinds of profes-
sional development do not seem to
matter. Wenglinsky has helped us
move from the question “"Should
we support in-service professional
development™ to “What kinds of
in-service professional develop-
ment should be supported?”

As with many of his past
reports, Wenglinsky capitalizes on
the large-scale survey information
from NAEPD to give us insight into
classroom practice and student
learning. However, such data are
limited in that they don't provide
us a depth of understanding of the
phenomena under investigation, in

this case the derailed charactetistics

of professional development. But,
these data certainly do give us
reason to explore these issues with
more intensive methodologics and
smaller samples.

If we are to improve educa-
tion. we must avoid the tendency
to rely on simple generalizations
and dichotomies. We need to
attend to pre-service and in-service
issues in improving teacher quality.
We need 1o be discerning in the
kinds of professional development
that we support. And, we necd to
continue to do rescarch like this

that will iluminate our under-
standing of teacher practice and
student learning,

On behalf of the Educational
Testing Service, I would like to
express my sincere appreciation to
the Milken Family Foundation for
supporting this work.

Drew Gitomer
Vice President - Research




PREFACE

The Milken Family Foundation
has been studving schoc! reform
for over a decade. As we have
considered specific reforms as
diverse as early childhood educa-
tion, smaller class sizes, parental
involvement, and learning technal-
ogy, one point became abundanty
and unequivocally clear. Unless a
child is taught by competent
teachers, the impact of other
cducation reforms will be dimin-
ished, Simply put, students learn
more from “good” teachers than
from “bad” reachers under virtu-
allv any ser of circumstances. That
is why the Foundation has devel-
oped the Teacher Advancement
Program (TAP), the goal of which
is to artract, motivate and retain
the high quality educators we need
to provide all children with the
cducation theyv need and deserve.
The challenge 1o those recom-
mending policy changes has been
to define “good™ teachers. In the
simplest sense, good teachers are
those who make students fearn,
and a betrer teacher will enable the
sanse or similar students to learn:
more. Professor William Sanders,
formeriy of the Universiry of
Tennessee at Knoxville and now
at the SAS Institute in North
Carolina, along with 2 number of
calleagues, has demonstrated the
impact of good teachers. He sorts
teachers according to the achieve-
ment of their students ina particu-
lar vear. He then emplovs sophisti-
cated statistical techniques o
demonstrate that, vear afrer vear,
students taught by the “eftective”

“reachers (those whose initial

students demonstrated high
achievement) achicved more than
students taught by other teachers.

Sanders has shown that the top
2090 of teachers boosted the scores
of low-achieving students over a
one-year period by an average of
53 pereentile points—39 pereen-
tile points higher than the 14
percentile point gain experienced
by students assigned to the bottom
20% of teachers (Sanders &
Rivers, 1998). Moreover, students
who performed equally well in
second grade showed a significant
performance gap three vears later
depending on whether they had
been assigned to the most eftective
or inetfecrive reachers. Fifth
graders assigned to eftective
teachers in third, fourth, and fifth
grades placed on average in the
83 pereentile. Those assigned to
the least effective teachers over the
same grades scored in the 29"
pereentile—a 54 point difterence
by the end of fifth grade (Sanders
and Rivers, 1998:12). The Sanders
work and similar rescarch around
the country is regularly cited
demonstrate the powerful impact
of "good™ teachers.

Bur Sanders teaves us wich a
“black box™ in regard to the
meaning, of & good teacher. His
work tells us that good teachers ger
good resules for students. But are
good teachers prepared differentdy
than others? Are they inherently
smarter? Do good teachers teach
difterenty or use different teaching
methods in their classes? Do

o

teachers get higlier student
achievement when they are
rewarded for doing so—financially
or otherwise?

As Dr. Harold Wenglinsky
discusses in this monograph,
rescarchers have tried to answer
most of these questions for
decades. Their findings have been
inconclusive or contradictory,
mostly because of deficiencies in
their dara or sratistical methods.
Perhaps the most enduring find-
ings in this regard have been that
student achievement is higher,
ceterss paribis, when teachers
have high verbal skills (Ehrenberg
& Brewer, 1995: Ballou &
Podgursky, 1997) and when they
have strong knowledge of the
discipline they teach (usually
indicated by a major or minor in
that ticld) {Goldhaber & Brewer,
1999; Fetler, 1999: Monk, 1994).

What we have not known,
until now, is whether good and
cftective teachers do things in their
classrooms differently than less
cffective teachers. Some carlier
small scale qualitative or quantita-
tive studies have been saggestive,
but Dr. Wenglinsky's work pre-
sented here ts the first attempr
(using a national database and
sophisticated analvtical techniques)
to answer the question of whether
cffective teachers do things differ-
ently in their classrooms.

By controlling for some
teacher inputs, student characteris-
tics, and school measures, Dr.
Wenglinsky demonstrates that
certain tvpes of professional

-




development prepare weachers o
use specific techniques in their
classroems that result in higher
student achievement.

Dr. Wenglinsky finds that only
one teacher input, majoring or
minoring in the subject taught, is
associated with improved academic
performance. This is consistent
with carlier findings. Althaugh
teachers generally give their protes-
sional development activities
mixed reviews, this study suggests
that certain components of such
training are useful. In particular,
professional development in
working with special populations,
in higher-order thinking skills for
math, and in laboratory skills for
science are associated with beteer
student performance. Thesce
findings must be kept in mind as
the professional development plans
for TAP are designed.

The findings regarding profes-
stonal development are supporeed
by what works in the classroom.
Students whose teachers emphasize
higher-order thinking skills (mach)
and hands-on learning activities
(c.g.. lab work in science) outper-
form their peers significantly.

Also, students who frequently take
tests outperform those frequently
using on-going forms of assess-
ment such as portfolios. Thus Dr.
Wenglinsky's study confirms the
Foundation’s view that what gocs
on in classrooms mactzrs—ctiee-
tive teachers do things differendy.

There are four schoet-related
principles thar guide TAPs eftorts
to attract, motivate, and retain high
quality teachers to K-12 education.

\ith mudtiple carcer paths,
TAP offers all teachers the oppor-
tunity to advance in rhe profession
without having to leave the class-
room. Teachers are able to move
along a continuum ranging from
inductee to master teacher where
increased responsibilities, qualifica-
tions, professional development,
and performance-based account-
ability requirements are commen-
surate with compensation. Mul-
tiple carcer paths provide for
expanded roles for alented teach-
ers as leaders, decision-malkers, and
mentors at the school site, and
opportunitics to work in the
broader communiry.

Market-driven compensation
replaces lock-step salary structures
and provides flexibility to establish
salaries. Pay differentiation is based
on demand (more to those in hard-
to-staff fields and schools), demon-
strated teacher knowledge and
skills, actual teacher performance,
increased responsibilities, and
student performance. This system
provides increased pav for those
who do more work and are judged
to be the best.

Performance-based accounrability
is rigorous, tied 1o compensation,
and includes difterentated require-
ments based on the teacher’s
position. Teachers are assessed
against high standards that measure
their performance in content
knowledge, planning, inscruction,
assessment, and in producing
student learning gains. Hiring,
advancement, and pay increases are
hased on performance reviews
conducted by the principal and

peer experts from both within and
outside of the school. The ultimate
goal is for reachers ro sign three-vear
renewable contraces. In the short
term, tenure reviews will be more
thorough, and tenure will be
awarded afrer a longer period of
time in the classroom. Inical and
continuing, certification will hecome
primarily performance based.

Ongoing, applicd professienal
growth requires a school-wide
commitment and includes all
ceachers. Qurcomes are tied to
state teaching and learning stan-
dards, school improvement efforts,
and a data-driven analvsis of
student learning outcomes. Activi-
ties occur at the school site during
frequent professional growth
blocks led by the principal and
master teachers and guided by
mentor teachers; they are designed
to encourage more collaboration
among professional staff. A man-
dared salaried, mentared induction
vear gives new teachers classroom
responsibility with intensive
suppart. Ongoing, applied protes-
stonal growth ensures adequate
time tor teachers to meet, reflect,
learn, and grow professionalty.

In addition, TADP has a fifth
principle, expanding the supply of
high quality teachers. This is
achieved by making the initial
academic degree and teaching
certification attainable in four
vears; providing alternacive certifi-
cation to give beginning reachers
as well as mid-career professionals
the ability to enter reaching as
adjuncts or full-time through
assessments and classroom




demonstration; and allowing
outstanding retired teachers o
continue working on a part-time
basis as faculty fellows. Expanded
teacher job mobility—and, there-
fore, increased competicion and
opportunity for reachers—is
achieved through multi-state
credentialing, private pension
plans that make benefits more
portable, and the opportunity
for all teachers to become nation-
ally certified at the beginning,
middle, and advanced levels of
professional practice.

Dr. Wenglinsky's study helps
us implement a number of these
principles. e suggests particular
trpes of professional development
that can help teachers enhance
student achievement. Ir also
informs TAPs assessment model
by suggesting specific classroom
activiries that should be evaluated.
And it gives weight to our perfor-
mance-based compensation svstem
in that it shows that we can reward
pardicular behaviors identified as
being associated with greacer
student achievement.

Dr. Wenglisky's study is the
first of its kind, and it may not be
the final word. But the Mitken
Family Foundation is pleased o
have sponsored it because it should
be a caralvse for furcher rescarch
and discussion about whar makes
good, or even great teachers.

Lewis € Solvon

Senior Viee President aned
Senior Scholar

Milkew Family Foundation
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EXECUTIVE SUMMARY

Improving reacher quality has -
hecome the subject of numerous
policy proposals at the federal and
state levels. In the wake of efforts
to raise acadenic standards across
the country, policymakers have
expressed concern that many
teachers are not prepared o welp
students meet the new standards.
Proposals to remedy this situation
have included increasing teacher
salaries to attract betrer qualified
teachers, requiring more education,
such as a master’s degree, or requir-
ing a major in the subjecta pro-
spective teacher plans to teach.
These proposals tend to focus
an improving nonclassroom
aspects of teacher quality, often
neglecting the nature of the
teaching and learning that occurs
within the classroom. Most pro-
posals cither make teaching more
lucrative, in the hope of recruiting
beter weachers, or raise the bar tor
those going into teaching through
more stringent licensing require-
ments. The assumption these
proposals make is that such cttores
will improve weacher quality,
resulting in improved student
academic performance. Unfortu-
nately, the empirical evidenee on

this contention is extremely mised.

Research has not consistently
demonstrated a link between
teacher wputs, such as salaries and
cducation levels, and student
sutcomes, such as scores on
standardized tests.

The scudy presented in chis
report explores another route to
improving teacher qualice—
namely, improving teachers’

classroom practices. teachers

O

“employ a variery of strategies—-

from problem sces ro small-group
activities—rto encourage students
o learn, Some of these strategics
are presumably more effective than
others. Yer litele 1s known about
which strategies are most cffective,
because large-scale studics relating
classroom practices to student test
scores or other outcomes have
almost never been conducted.
Without a stronger rescarch base
for identifying cffective classtoom
practices, policymakers will find it
difficult to develop policies that
encourage these practices.

The current study represents a
firststep toward linking classroom
practices to student academic
performance. Tt does so by analyz-
ing data from the Nutional Assess-
ment of Educational Progress
(NALD). Known as “the Nation's
Repore Card,” NAEDP is adminis-
tered to students across the nation
Cvery vear or two in a variety of
subjects. Inadditon o standard-
ized tests consistent with high
academic standards, the NAEP
database incdudes questionnaires
sent to students. their teachers, and
their principals. From these data ie
is possible to relate vanous aspects
of teacher quality to student west
scores, while raking into accotint
other potential influences on these
scores, such as class size and
student social background. For this
study, data are examined for two
national samples of sendents:

e 7,140 cigh[h gl'ﬂ(lcr.x who rook
the NALEP mathematics assess-
ment in 1996

w 7,776 cighth graders who took
the NAED science assessment
n 1996

Three types of ceacher qualiy
are measured:

» reacher inputs, such as teacher
education levels and years
of experience

B classroom practices, such as the
use of small-group inscraction
or hands-on learning

<

m professional developiaent,
meaning training to support
certain classroom practices

The study begins by describing
the national piceure for wacher
inputs. professional development,
and classroom practices. Some key
findings are:

& Among teacher inputs, in both
muth and science, one out of
three teachers has at least a
master’s degrees three out of four
majored o minored in the
subject they are teaching: and
six out of 10 have ar least 10

vears of teaching experience.

B [n both mach and science,
approximately half of all wach-
ers have received more than rwo
davs of professional develop-
ment in the last yvear.

w In both math and science. the
most common topic for proies-
sional development is coopera-
tive learning,




® Inmach, dhe least common
topics tor professional develop-
ment are those dealing with
special student populations,
such as those with limited
English proficiency or special
needs.

B In science, the least common
topics for professional develop-
ment are those dealing with
special student populations
and those dealing wich labora-
rory skills,

® In marth, teachers are more likely
(o prepaie students to answer
routine problems than to answer
problems involving new or
unigue situations.

m | css than one out of four math
teachers engages in hands-on
learning activities with their
students, whereas two out of
three science teachers repore
engaging ir such activities.

® While nearly all math and
science teachers report testing
students at least once a month
these tests are more likely to
involve extended written
answers than multiple-choice

FCSPONSCS.

The study then tinks these
classroom practices, professional
development experiences, and
teacher inputs to student academic
performance. I finds:

B Of the teacher inputs, only
majoring or minoring in the
relevant subject is associated

with improved scudent academic

performance. Students whose
teachers majored or minored in
the subject they are weaching
outperform cheir peers by aboue
40% of a gradc level in both
math and science,

[n mach, students whose teach-
ers have received professional
development in working with
special populations outperform
their peers by more than a full
giade level, and students whose
teachers have received profes-
sional development in higher-
otder thinking skills outperform
thetr peers by 40%0 of a grade
level,

[n science, students whose
teachers have received protes-
sional development in labora-
tory skills outpertorm their
pecers by more than 40% of a
grade level.

lin mach, students whose teachers
emphasize higher-order thinking
skills outperform their peers by
about 40% of a grade level.

Students whase teachers conduct
hands-on learning activities out-
perform their peers by more than
70% of a grade level in math and
400 of a grade level in science.

Students whe frequently take
point-in-time tests outperform
those frequently using on-going
formis of assessment, such as
portfolios, by 46% of a grade
level in math and 92% of a

erade level in science.
£

-9

The last of these findings
should not be taken to mean thar
portfolio assessments should be
entirely supplanted by multiple-
choice tests. For one, portfolios
may have important functions
other than monitoring the progress
of individual scudents, such as
providing professional develop-
ment for teachers and information
on the progress of entire classes.
For another, the tests thae benefic
students are not necessarily of a
multiple-choice format. Rather,
both tests involving multiple-
choice responses and those involv-
ing extended written responses
proved effective.

Overall, these findings suggest
that policvmalkers are correct in
elphasizing the importance of
improving teacher quality as a
mechanism for improving student
academic performance. However,
these findings indicate that greater
attention needs to be paid to
improving classroom aspects of
teacher quality. In particular,
teachers should be encouraged to
convey higher-order thinking
skills, conduct hands-on learning
activities, and rely primarily upon
tests to monitor student progress.
Policymalers can encourage these
practices by providing rich and
sustained professional development
that is supportive of these practices,
and provided that teachers have
access to such professionz! devel-
opment, perhaps by rewarding
them cither financially or through
advanced forms of certification for
engaging in these practices.




INrroODUCTION

Teacher quality Fas come o the
fore in discussions of cducational
reform. Daring the 1980s and
much of the 1990s, policymakers
focused on setting high academic
stanidards for all students in
elementary and secondary schools,
The focus started changing with
the release of the Hunt Commis-
ston report, Whar Marters Most:
feaching for Americas Futire, in
1996 (National Commission on
Teaching and America’s Furure,
1996). The report contended that,
for students to meet high academic
standards, the quality of the
teaching force needed to be
improved. A flurry of proposals,
pronouncements, and legistation
on improving teacher quality
followed. Whil the approaches
varied somewhat, they had in
common the belief that improving
teacher quality was the next
step that needed 10 be taken to
improve education.

The approaches had another
thing in common: They tended
to stress aspects of teaching tha
occurred outside of the classroom,
known as teacher inputs, as the
instrument for improving scudent
performance. The nonclassroom
factors manipulated by these
proposals included financial
aspects of teaching (such as sala-
ries, tax abatements, or bonuses for
high performance) and the qualifi-
cations of teachers (such as tequir-
ing teachers to pass a licensure
examination or encouraging
teachers o obtain a master’s
degree). In manipulating teacher
inputs, policymakers assumed that

there was an enapirical link between
these inpurs and the outputs of
education, in particular, student
test scores and other measures of
academic performance. Unforta-
nately, this assumptiion is not
necessarily tenable; rescarch on the
link between wacher inputs and
student outputs has been inconclu-
sive. In addition, the focus on
nonclassroom factors neglects the
important role that the practices
actually occurring in the classroom
may plav in scudent learning, In
addition to being the mechanism
through which improvements in
teacher inputs might translate into
high-. tudent achievement,
classroom practice may influence

student achievement irrespective of

the finances and qualifications of
the teachers entering the class-
room, and may even influence
student achievement more strongly
than teacher inputs.

The purpose of the current
study is to explore the possible
influcnce of classroom practices on
scudent achievement. The study
uses data from the National
Assessment of Educational Progress
(NALP). a national sample of
students and cheir schools. From
this database, it is possible to
measure student scores on assess-
ments of mathematics and science,
a comprehensive set of classroom
practices, the training teachers
receive that s specifically taitored
ta these practices (known as
professional development), and
various teacher inputs. In addition,
information is available from the
NAEP database on other

characteristics of schools and
students that may potentially
influence rest scores, such as class
size. By analvzing these data, the
studdy can measure the impact of
classroom practices, professional
development, and teacher inputs
relative to-one another, It can also
place classroom practices in the
process through which othe
aspeets of teacher quality affeat
student learning: a flow chart can
be developed that measures the
extent to which teacher inpurs and
professional development may
influence classroom practices that
may in turn influence student
academic performance. The NAED
data thus make it possible to draw
together more information about
the relationship between classroom
practices and student academic
performance than has ever existed
betore tor a national sample

of students.

The study finds thae while
teacher inputs, professional devel-
opment, and classroom pracices
all influence student achievement,
the greatest tole is plaved by
classroom practices, followed by
professional development that is
specifically tailored o those
classroom practices most condu-
cive to the high academic perfor-
mance of students. In particular,
when teachers make use of hands-
on activities to illustrate concepts
in mathematics and science,
students perform betrer on assess-
ments in these subjeces. Also. when
teachers focus on conveving
higher-order thinking skitls,
particularly those involving the

iu




development of siracegies o solve
different evpes of problems, stu-
dents perform becter on math-
chatics assessments (though no
better on science assessments). The
study also finds that the methods
teachers use to assess student
progress have a similar impacr on
achievement in mathematics and
science. Tests given at a particular
point in time are associated with
higher student performance than
an-going techniqties, such as
portlolio or projest-hased assess-
ment. Professional development
activities in hands-on learning and
higher-order thinking skills are also
associated with improved student
pertormance. OF the teachar inputs
studied. the only one that makes a
ditference is the teacher’s major or
minor in college, Students do
beter when their teachers major or
minor in the subject areas they
teach. Overall, professional devel-
opment is three times as important
as teacher inputs in mathematics
and one and a half times as impor-
ant in science. Classreom prac-
tices are five dmes as important as
teacher inputs in machematics and
four times as important in science.
Before discussing these tind-
ings in more dewil, however, it is
necessary to provide some back-
ground. Chapter One presents
some of the major policies to
improve teacher qualicy that have
been proposed by federal and state
officials. It then summarizes what

is known from prior research about

teacher inputs, professional devel-
opment. and classroom practices.

as well as their impact on student
academic pertormance. Chapeer
Two presents descriptive informa-
tion from NALP on the prevalence
of various teacher inputs, proles-
sional development, and classroom
practices in ULS. schools. Chaprer
Three then uses stadstical rech-
niques to relate these aspects of
teacher quality to student perfor-
mance in mathemades and
science. Chapter Four teases

aut some implications of this
study for policies on teacher
qualitys and suggest directions

for further rescarch,
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Cnarrrr ONes
Prorosais 1o
Fraprove TEACHER
(Guarrry aAND Whar
Wi lnow Asour

Tiem Erreeriveness

Proposals d some actual legisla-
tion to improve teacher quality
have come fast and furious over
the last tew vears. At the federal
level, President Clinton has given
visibility to the issue in Seate of the
Unian addresses. In February
1999, Sceretary of Edueation
Richard Riley unveiled the Clinton
Administrationys program for
improving teacher quality, Tt called
for states to institute three levels of
licensure for teachers, Under this
system, aninitial license ro teach
would be granted o prospective
teachiers who could pass written
examinations in the subject they
planned o teach, knowledge of
pedagogy, and basic skills. Within
a few vears, teachers would be
expected to obtain professional
licenses. These licenses would bie
granted based upon observations
of classroom performance by
fellow teachers, Still later in their
careers, teachers could be evaluated
for advanced licenses along the
lines of the National Board for
Professional ‘Teaching Standards
(NBPTS) svstem, which involves a
protocol for collecting and scoring
classroom observations, portfolios
of student work, and other kinds
of informartion about teachers.

In addition to propaosing the
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three-step licensure system, Riley
proposed a national job bank
through which school districes
could recruit weachers, a national
conference on teacher quality, and
1 natonal commission on math-
ematics and science teaching
(Robelen, 1999).

Teacher quality was also the
central topic of discussion at the
third cducational summit in
October 1999, Prior summits had
focused on national academic
standards and how to measure
student progress toward those
standards, The third summit
identified improving wacher
quality as a crucial mechanism for
cnabling students 1o meet high
stundards, and pointed o some
possible tols for improving
teacher quality, These rools
included providing bonuses o
teachers in exchiange for high
academic performance among
their studentss offering teachers
professional development closely
linked to high academic standards:
and permitting pathways to
licensure other than through the
traditional undergraduate-level
education programs based in
colleges and universities ((Hson &
Hoff, 1999),

This vear, the candidares for
the 2000 presidential clection have
offered their own proposals for
improving teacher quality. Al Gore
has called for 60,000 scholarships
for students who commit to
teaching in schools in particular
need of teachers for at least four
vears: bonuses and training for
15,000 mid-carcer professionals
who want to become teachers; and

. 1z

“Higher Standards, Higher Pay”
grants o help urban and rural
districts attrace and retain high
quality reachers by offering higher
salaries and other benelits, George
W. Bush has proposed $2.9 hillion
in new spending to recruir, hire,
and train teachers; wx incendves
to help eachers pay for school
supplies and other school-refated
out-of-pocket expenses; and
increased funding for Troops to
Teachers, a program o move
members of the Armed Services
into teaching,

Proposals have been proliferat-
ing among state officials as weli.
Governor Gray Davis of California
has signed legislacion providing rax
benefics to teachers as well as
raising their salaries. Son Francisco
plans to offer its teachers subsi-
dized housing. In Massachuseus,
mathematics teachers in schools
whiere more than 30% of the
students fail the state mathematics
assessment will be required o take
a mathematics proficiency test to
be recertified as teachers. In New:
York, Governor George Pataki is
offering financial rewards to
students in the state college and
university systems who agree o
teach in districts or subjects in
which teachers are in short supply.
Washington State has recently
become the 40th state to require
new teachers to take tests in their
subjectarea and in knowledge of
pedagogy: the tests are to be
overseen by a new professional
standards board. And in Kentucky,
legislation was defeated that also
would have created a state profes-

sional standards board. as well as




required middle school teachers

to demonstrate proficiency in thei
subject arca. Instead. the legislation
which passed expanded summer
school training of middle school
teachers and established a new
svstem for evaluating teacher
training programs (e.g.. Bradlev,
2000; Hoft. 2000).

Despite all of the attention
that improving teacher quality has
garnered, the policies that have
been proposed generally suffer
trom two problems. The proposals
cach involve manipulating a
particular teacher input in the
hope that changes in the inpur will
automatically lead to improve-
ments in an output—naniely
student academic performance. One
problem with this approach is that
there is little empirical evidence of
a link between improvements in
teacher inputs and improvements in
student outputs. A second provlem
is that, in emphasizing aspects of
teacher quality that occur outside
of the classroom, these proposals
often igunore practices in the
classroom. Yet changing the nature
of teaching and learning in the
classroom may be the most direct
way to improve student outcomes.

Rescarcli on the links between
teacher inputs and student outputs
began nearly 35 vears ago with the
publication of the Equality of
Educational Opportunity Study of
1966. also known as the Coleman
Report (Coleman ct al., 1966).
This study collected information
on a series of teacher inputs, such
as teacher education levels and
vears of teaching experience, and a
series of student outputs, such as

scores on standardized tests, for a
national sample of students. The
study then related the inputs o the
outputs, and found that, in most
instances, the link berween the two
was weak. In the wake of the
Coleman Report, about 400
studies have been conducted
relating teacher inputs to student
outputs. |heir results have been
extremely mixed. Of those studies
linking the number of vears of
teaching experience to student
outconies, 30% showed a benefi-
cial effect. Of those studies linking
the salaries of teachers to student
outcomes, 20% showed a bencfi-
cial effect. And of thase studies
linking the education levels of
teachers (masters degrees as
opposed to bachelor’s degrees),
109 showed a beneficial effect.
Thus, while a substandal number
of studies did find evidence of a
link between a given input and
student outputs, most did not.
Not only do the studies disagree
on the efficacy of teacher inputs,
but studies that attemprt to tabulate
and interpret the results of these
studies come to different conclu-
sions. Some suggest thar these
studies provide sufhcient evidence
that teacher inputs can be impor-
tant; others contend that stronger
evidence would be needed to
make that claim (Hanushek,

1997: Greenwald, Hedges &
Laine, 1996).

One exception to the mixed
findings of input-output research
has been studies of teacher skills as
measured by standardized tests.
The original Colernan Report
found a strong link berween
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teacher scores on a vocabulary
test and student academic
performance. More recently,
Fergue »n (1991) found that when
teachers perform well on basic
skills cests, their students do beteer
as well. And Wright, Homn, and
Sanders (1997) found that teacher
test scores are strongly related to
improvements in student test
scores over the course of a vear
(referred to as the “value added”
by the teacher to the student).
The mixed tindings of the
input-output studies can be
accounted for in two wavs. It may
be that the link bernween teacher
inputs and student test scores is
simply weak and mixed: it would
thus be expected that some studies
might pick up a licdle bir of a link
while others do not. Or, the mixed
findings may reflect problems in
study design. Other than the
Coleman Report, most of these
studies were small in scale, consist-
ing of a single state or even a single
school district. Thus, rhe mixed
findings may reflect the fact that
certain inputs may be important in
certain places and not others.
Another design problem is that the
studies often lack rich measures of
the output. They may measure
student outcomes based upon a
minimum skills test, for instance,
rather than through a standards-
based test that requires students to
demonstrate mastery of critical
thinking skills. These studies also
often lack measures ot inpurs,
other than teacher inputs, that
may have an independent effect on
student test scores, such as the
social background of students.
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And. many of these studies fail o
take into account what is refereed
to as the “multilevel” nacure of
input-output studies. Thac is, such
studies relate an input that is at
one level of aggregation—the
classroom or its teacher—to un
output that is at a lower level of
aggregation—each scudent in cach
classroom. To the extent that cach
of these problems occurs in the
study design, resules may vary.

Thus. current policy proposals
seck to improve student academic
performance by tapping aspects of
teacher quality, namely aspects
outside of the classroom, when
there is Hile research support for
their cfficacy. In addition, these
proposals ignore other aspects of
teacher quality, namely aspects
within the dassroom which nay
be more promising.

For the most part, rescarchers
of the links berween reacher
quality and student performance
tend to ignore classtoom practices
as much as polticymakers do. To
date, there is litde quantitacive
rescarch that relates a comprehen-
sive list of classroom practices to
student achievement, lecalone also
taking into account professional
development and teacher inputs.
Nonetheless, prior rescarch does
provide some useful information
on the issue. There have been a
host of qualitative studies of
classroom practices that, largely
through rthe technique of class-
room obscrvation, idendfy differ-
ent sets of practices common to
teachers and suggest the effective-
ness of the ditferent sets. There
have also been quantitative
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studies of classroom practices
which-—while thev do not refate
these practices to student out-
comes—do provide usetul infor-
mation on their prevalence.
Finally, there has been one quanti-
rative study that refared aset of
classroom practices to student
performance in marhemarics and
scicnee. While the set of practices
was rather limired, and other
aspects of teacher quality, such as
professional development. were
not taken into account, this study
does provide some suggestive
information upon which the
current study can build.
Qualitative research on class-
room practice has put forward
certain propositions regarding
which practices are most effec-
tive—rpropositions that can be
tested through quantitative
rescarch. First, ivasseres che impor-
tance of teaching higher-order
thinking skills. Verv often, teach-
ing involves conveving information
to students. Students are expected
to retain this information, and
learn to do so cither through
memorization or by solving prob-
lems that are similar to one an-
other. Such techniques for knowl-
edge acquisition are often referred
to as drill and practice, learning by
rote, or lower-order thinking skitls,
It other cases, teaching involves
not so much conveving informa-
tion as conveving understanding.
Students learn concepts and then
atcempt to apply them to various
problems, or they solve problems
and then learn the concepts that
underlie the solutions. This move-

meni benween the abstract and dhe

o

concrete is referred to as “highcr—
order thinking skills,” or alter-
nately as “cricical thinking skills.”
These skills tend to be ennveyved 1n
one of two ways: through applving,
cancepts to problems (applica-
tions) or by providing examples or
conerete versions of the conceept
(simnulations). In cither case,
students learn to understand the
concept by putting it in another
context. In the case of an applica-
tion, this mighr mean solving a
unique problem with which the
student is unfamiliar. In the case of
a simulation, this might mean
examining a physical representa-
tion of a theorem from geometry
or engaging in a laboratory excrcise
thac exemplifics a law from chem-
iscry. While both Tower-order and
higher-order thinking skills un-
doubredly have a role to play in
any classroom, much of the quahi-
rative research asserts thar the
students of teachers who can
convey higher-order thinking skills
as well as lower-order thinking
skills outperform students whose
teachers are only capable of con-
veving lower-order thinking skills
(McLaughlin & Talbert, 1993).
Second. the qualitative research
suggests a few teaching methods
that are conducive to the teaching
of higher-order thinking skills.
Individualization of instruction is
important. Students bring difterent
bodies of knowledge with them
into the classroom. Rather than
treat all students as blank slates.
teachers should instruct cach
student by drawing upon the
knowledge and experience that
particular student already has.

i4




Collaborative Tearning is also
important. lTeachers should allow
students o work together in
groups, and teachers should work
collaboratively with studenes atan
individual, small group, and whole
class level 1o bring out key con-
cepts and problem-solving
techniques, racher than have all
ideas originate from the teacher.

Finally, student progress should be
assessed in an on-gaing fashion
rather than ar discrete points o
time. Assessiment should be no
difterent than the student’s ordi-
nary activities for learning. It is
important not to disrupt the
lcarning environmenc with artifi-
cial activities, such as tests.

The prevalence of many of
these practices as well as the
prevalence of many nonclassroom
aspects of teacher quality has been
measured in national surveys of
Americas teachers. A recent survey
of teachers undertaken by che ULS.
Department of Education provides
a snapshot of the distribution of
teacher inputs across the nation
(Natonal Center for Education
Statistics, 1999a), One teacher
input frequentdy discussed is che
education level of teachers; many
reform proposals call for greater
numbers of teachers or prospective
teachers to obrain master’s degrees.
The Deparement of Education
study indicates that, nationwide,
439 of teachers hold master’s
degrees. Teachers with master’s
degrees are disproportionately
located in the Nottheast (609% in
thus region have masters degrees),
tcach high school (55%0), have

20 or more vears of teaching
experience (62%), and have
predominandy atfluent students
{579 teach students in schools
where less than one in six students
qualifies for a free or reduced price
tunch). Another frequently dis-
cussed input is the undergraduate
major of the teacher. The Depart-
ment of Education study -ndicates
that 38% of teachers major in an
academic field, 24% in a spcciﬁc
subject arca in education (such as
mathematics educarion), and the
remainder in education not tied
ot specific subject area, which
means that a substandal percentage
ot teachers do not major (or
minor) in the subject area they
teach. Ingersoll (1999) estimated
that one-third of mathematics
teachers and one-tourth of Lnglish
teachers do not major or minor

in the subject arca they wach.
Another input often seen as impor-
tnt is experience. On average,
according to the Department of
Education study, teachers have 15
vears of experience.

National surveys also provide
some information on the profes-
stonal development teachers
receive. According to the Depart-
ment of ducation study (National
Center for Education Statistics,
1999a), nearly all teachers (99%4)
receive some professional develop-
ment cach year. The most com-
mon topics of this professional
development are curriculum and
performance srandards (81% of
teachers), educational technology
(78%), new teaching methods
(77%a), and in-depeh learning in

the subject area (73%). The feast
common topic is dealing with
limited-English-proficient and
culturally different students (31%).
Most professional development
appears not to be very intensive,
trpically involving a one-day
workshop. The only wpic for
which a majority of the teachers
being trained receive more than
eight hours of professional devel-
opment is in-depth learning in the
relevant subjecet arca (56%).
Finally, another Department of
Lducation study rabulated class-
room practices for the nation as a
whole (National Center for lduca-
tion Statistics, 1999b). [t described
four types of classroom practice:
interactions between teachers and
students, maverials and resources
used in the classroom, the nature
of the learning tasks students
perform in school and at home,
and methods for assessing student
progiess. In terms of interactions,
the study found that most teachers
use a combination of interactions
with the class as a whole, interac-
tions with small groups of stu-
dents, and onc-on-one interactions
with individual students. Most
teachers also use a combination of
leceuring, talking with students,
and having students talk among
themselves, Macerials and resources
commonly used in classrooms
consist of printed materials,
concrete materials, “nd educational
technology, Of printed materials,
reachers are equally likely to use
textbooks or supplementary
materials in class. The use of
textbooks predominates in




homework, however, Two out of
three teachers also make use of
worksheets. The use of various
concrere materials 1s also quite
common. Three our of four teach-
ers use physical models and other
objects: nine out of 10 use black-
boards or overhead projectors; and
more than half use computers. In
terms of learning tasks, the study
found a mixed picture. In
classwork, about three out of five
teachers engage in activities involv-
ing higher-order thinking skills.
Homework, however, onlv involves
higher-order activities 13% of the
time; two-thirds of homework
activities are drills. Finally, infor-
mation on assessing student
progress reveals thac slightly
more than halt of all teachers are
engaged in some kind of on-going
portfolio assessment (57%).
[nterestingly, these portfolios,
which involve collections of
student work over time, often
include point-in-time assess-
ments—namely, tests (62%).
While the information from
these surveys does provide a sketch
of classroom practices, professional
development, and teacher inputs.
it does not relate them to student
outcomes, such as scores on
standardized tests. One exception
is an analysis of the National
Educational Longitudinal Study of
1988 (NELS:88: National Center
for Education Statistics, 1996). To
produce the NELS:88 database, a
national sample of students was
surveved when they were in cighth
grade, then resurveved in the 10th
and 12th grades, The surveys
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included assessmenes in mathemat-
ics, science, history, and reading.
The students’ teachers, principals,
and parencs were also surveved.
The analysis related the informa-
tion on classroom practices
repotted by mathematics and
science teachers to studenr test
scores in those two subjects for
nearly 10,000 students, taking
into account various background
characteristics of the students and
other factors that might porentially
influence test scores. The study
found that students performed
better in mathematics when their
teachers emphasized higher-order
thinking skills. In science, empha-
sizing higher-order thinking skills
did not make a ditference.

While the NELS:88 unalysis is
thus suggestive of a link between
classroom practices and student
academic performance, it is ham-
pered by various shortcomings in
the database. The list of classroom
practices in the databasce is
extremely fimiteds for instance
NELS:88 does not include infor-
mation on hands-on learning or
the prevalence of tests in class-
rooms. The database also includes
very little professional develop-
ment information, and as a result,
professional development is not
related to student west scores in the
analvsis. Also, like the input-
output studies mentioned carlier,
the analvsis does not take into
account the multilevel nature of
the data.

The current study seeks to
remedy these problems in refating
classroom practices to student

achievement by applying mulri-
level techniques to a more recent
database with more comprehensive
information on classtoom prac-
tices, the National Assessment of
Educarional Progress (NAED).
Befere presenting the results of

the current study, however, it is
worthwhile to investigate what
NAEP can add to the other
national surveys of the prevalence of
teacher inputs, professional develop-
ment, and classroom practice.




CHAPTER Two:

A PORTRAIT OF
AMERICA’S TEACHERS
AND THEIR
CLASSROOM
PRACTICES

The data used in the current study
for the description of teacher
inputs, professional development,
and classroom practices, as well as
tor linking them to student
achicvement in mathemartics and
science, come from the National
Assessment of Educational Progress
(NAEP). Known as “the Naton's
Report Card,™ NAEP is adminis-
tered every vear or two to national
samples of fourth, cighth; and
twelfth graders in various subjects,
including marhematics, reading,
science, history, and geography. In
addition to administering an
assessmient in the subject arca to
students, NAEP sends question-
naires to students, teachers, and
school administrators.! All of this
information is used ro measure
trends in student performance over
time and to compare performance
among subgroups of students, such
as males and females.

For this study, the cighch
graders who took the 1996 assess-
ments in mathematics and science
were selected for analysis. In total,
7,146 eighth graders took the

mathematics assessment and a
different group of 7,776 cighth
graders took the science assess-
ment. The mathematics and
science databases included
students’ scores on the assessments,
backgroiund information about the
students (such as their socioeco-
nomic status) drawn from che
student questionnaires, and
information on teacher inputs,
professional development, and
classroom practices, as well as
other school information (such as
class size) drawn from the teacher
questionnaires. Because it comes
from a national sample, this
information makes it possible to

Figure 1

lescribe teacher inputs, protes-
sional development, and classroom
practices, as well as their impact on
test scores in mathematics and
science, for the nation as a whole.
It should be kept in mind, though,
that because the sample is of eighth
graders, these results pertain to the
middle school level only.

NAEP reveals that many
eighth-grade math and science
teachers are lacking in certain
inputs (Figure 1). One out of three
of these teachers has at least a
master’s degree, which means that
the remaining two out of threc do
not.” Three out of four of these
teachers have majors or minors in

Characteristics of Eighth-Grade Mathematics and

Science Teachers

Master's degree
or higher

Major or minor
in subject area

More than 10 years
teaching experience

Percentage

Percentage

Source: 1996 National Assessment of Educational Progress in Mathematics

and Science.

NAFP wirveys sundents” teachers in the velevant subject area,
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their subject arca (machematics or
mathematics education for math-
ematics teachers and science or
science education for science
teachers), which means that one
out of four does not. Finally, six
out of 10 teachers have more than
10 vears of experience, which
means thac four out of 10 lack
such experience.

NAEP shows that mathematics
and science teachers receive some
professional developmentina
variety of ropics (Figure 2). NAEP
asks mathematics teachers whether
theyv have reccived any professional
development ac all in the last five
vears in nine topics, and asks
science teachers the same question
for eleven topics. For mathematics
teachers, the most common form
of professional development
concerns cooperative learning;
seven out of 10 received such
training in the last five vears. Halt
received professional development
in interdisciplinary instruction.
Only a minority of math teachers
was exposed to the remaiing
topics. Just under one-half received
instruction in higher-order think-
ing skills; four out of 10 received
instruction in classroom manuge-
ment, performance-based assess-
ment, and portfolio assessment;
and tess than one-third received
professional development in topics
involving responsiveness to differ-
ences in the student population,
namely dealing with culwural
diversity, limited English profi-
ciency, and special needs.

By and large, a similar patcern
is revealed among science teachers.
A majority of teachers received
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professional development in
cooperative learning and interdisci-
plinary instruction. Less than one-
halt'but more than one-third
received professional development
in higher-order thinking skills.
classroom management, and
portfolio assessment. And one-
third or less of teachers received
professional development in
dealing with different student
populations. One topic in which
the experiences of math and
science teachers differ is perfor-
mance-based assessment: 38% of
math teachers received protessional
development on this topic, as
opposed o 53% of science teach-
ers. Science teachers were also
asked about other professional
development topics. NAED indi-
cates that 27% of scicnce teachers
received professional development
in laboratory skills and 45% in
integrating science instruction,
These patterns indicate signifi-
cant gaps in professional develop-
ment among the teaching force.
Because teachers are only asked
whether they have received any
professional development at all for
cach topic, a “ves™ answer could
indicate anything from a two-hour
seminar to a semester-lonig conrse.
For most topics, a majority of
teachers did not even reach this
minimum threshold. And for those
that did. the professional develop-
ment they received may indicate
only a superficial acquaintance
with the topic. This possibility s
turther supported by the resules
from another question asked of
teachers: [How much time did thev
spend in all forms of professional

development over the last year?
About onc-halt of mathematics
and science teachers reported
spending more than 15 hours in
professional development. This
means that half of the teachers
receive no more than two davs
worth of brofessional development
a year.

NAEP asked teachers about
three aspects of classroom prac-
tices: the knowledge and skills they
sought to convey, the activities and
methods thev used in class to
accomplish this, and the types of
assessments they uszd to monitor
student progress. In mathemartics,
the most advanced knowledge
covered in eighth grade tends to be
algebra and geometry (Figure 3).
Among math teachers, 57% report
covering some algebra and 24%
some geometry. Moreover, teachers
are much more likely to convey
lower-order skills than higher-order
skills. Four out of five teachers
report spending time solving a
series of routine problems, whereas
just one out of two reports spend-
ing time applying concepts to solve
unfamiliar or unique problems.

The acrtivities and methods of
mathematics teachers included
assigning homework, working in
groups, using writcen materials
such as textbooks or worksheets,
having students write about
mathematics, solving problems
involving real world situations,
engaging in hands-on activities,
and discussing math. Eighth
graders are generally assigned
berween one and 30 minutes of
homework a night: only 14% of
their teachers report assigning

ls




Figure 2

Professiocnal Development Experience of Eighth-Grade Mathematics and Science

Teachers in the Last Five Years

Type of

Mathematics Teachers

Science Teachers

Experience

Cooperative learning

Interdisciplinary instruction

Higher-orcer
thinking skilis

Classroom management

Portfolio assessment

Performance-based
assessment

Cultural diversity

Special-needs
students

Limited-English- I 13
proficient students

Integrating  njp
science instruction

Laboratories NA

>15 hours professional
development in last year

10 20 30 40 50 60 70
Percentage

Percentage

Source: 1996 National Assessment of Educational Progress in Mathematics and Science.




Figure 3

Classroom Practices of Eighth-Grade Mathematics

Teachers

Assess from tests
at least ance a month

Use textbook at
least once a week

Hold group discussions
alleast once a week

Address routine problems

Solve real-world problems
at least once a week

Write a group paper
at least once a week

Use worksheet at
least once a week

Talk about math at
least once a week

Assess from written responses
at least once a month

Address algebra

Address unique problems

Write report at
least once a month

Assess from multiple-choice
tests at least once a month

Assess from projects
at least once a month

Partner students at
least once a week

Solve wriling problems
at least once a week

Assess from portfolios
at least once a month

Work with objects at
least once a week

Address geometry
Assign more than a half hour
of homework per day

Work with blocks
at least once a week

T T T T t
20 40 60 80 100
Percentage

Source: 1996 National Assessment of Educational Progress in Mathematics.
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more than a half hour. Group
activities vary in their frequency.
Most teachers report having
students discuss mathemartics in
groups (86%) and assigning group
papers (66%). But just 33% report
having students solve problems
with partners, Of the written
materials, textbooks are the most
commonly used (92% of teachers).
Two out of three teachers use
worksheets. Writdng about math-
ematics is fairly uncommon. Just
36% of teachers report assigning
written reports about mathematics,
and only 30% report assigning,
problems that involve writing.
Solving real world problems is
fairly common; three out of four
teachers report assigning such
problems at least once a weck.
Hands-on activities arc fairly
uncommon; just 8% aof teachers
report working with blocks and
26% with objects such as models.
Class discussion of math occurs

at least once a week for 58% of
the teachers.

Assessments of student
progress can take a variety of forms
in a math class. Students can be
given tests or quizzes at particular
points in time. The tests thus
measure retrospectively what the
students have learned since the last
test. Such tests can take the form
of multiple-choice questions or
questions requiring more extended
written answers (referred to as
“constructed responses”). Students
can also be assessed through
on-going work. One approach
is to colleet a portfolio of studen:
work, from worksheets to written
reports. Another approach is to
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assign a project waich brings into
play all of the skills the reacher
wishes the student to acquire. Of
all of these torms of assessnient,
tests are the most common. Nearly
100% of teachers administer some
sort of test ar least onee a month,
However, most tests do not con-
form to the pattern of being
simply multiple-choice. Only 35%
ot teachers report using a mulciple-
choice format at least once a
month. More common are tests
that call for constructed responses,
with 98% of tcachers administer-
ing this type of assessment on at
feast a monthly basis. On-going
assessments are the least common,
with approximacely one-third of
teachers using chese to monitor
Sllld(‘nl Pl'()gl'CSS.

[n science, the knowledge and
skills measured by NAED are
physical science, earth sciencee, life
science, conveying [acts, conveving,
concepts, and teaching problem-
solving skills (Figure 4). Of the
three subjects, physical and carth
science are most commonly taught
(49% and 41%0 0 ceachers. respee-
tively, report addressing these
subjects). Just 19% of teachers
address life science. Of the three
skills, concepts are most frequently
conveved (88% of students” teach-
ers) followed by problem solving
(679%) and facts (409%0).

Of the activities and methads,
homework appears to be the most
common, and reading books the
lcast common. Nearly nine out of
10 teachers report assigning more
than a half hour of homework cach
week. Students also frequently:
work in small groups; 689 of

Figure 4
Classroom Prectiszes of Eighin-Grade Science
Teachers

Assess from tesls
at least once a month

Address concepts in science
Assess from written
responses al least once a menth

Assign more than one-half hour
of hornework per week

Perform hands-on activities
at least once a week

Assess from mulliple-choice
tests at least once a month

Use textbook at
least once a week

Work in groups at
least once a week

Write report at
least once a month

Address problem-solving
In science

Talk about hands-on activities
at least once a week

Do science demonstration
at least once a week

Address physical science

Give oral report at
least once a month

Talk about science
In the news

Address earth science

Address facts in science

Assess from projects
at least once a month

Address life science

Assess {rom porliolios
at least once a month

Read books at -1 6
least once a week
j ¥

T T T 1
0 20 40 60 80 100
Percentage

Source: 1996 National Assessment of Educationat Progress in Science.




teachers report this practice. OF
the wrirten materials, textbooks are
used most frequently (77% of
teachers) whereas reading books or
other supplementary materials
oceurs less frequenty (16% of
reachers report this). Students also
often give reports—more typically
written reports (68% of teachers),
but also oral reports (48%). Six
out of 10 teachers report demon-
strating a science concept at least
once a weck. Hands-on activities
occur with similar frequency, with
63% of teachers reporting discuss-
ing hands-on activities, and 81%
reporting doing hands-on activities.
About one-half of teachers report
discussing science in the news with
their scudents.

In monitoring student
progress, science teachers place
heavy refiance on tests at discrete
time points (97% at least once a
month). These tests most often
involve constructed responses
{87% ar least ence a month), but
also frequently involve multiple-
choice questions (77% at least once
a month). Portfolios and projects
are used infrequently. Three out of
10 teachers assess students using
projects, and owo out of 10 assess
students using portfolios.

The classroom practices of
mathematics and science teachers
scem to differ primarily in three
respects: Science teachers engage
in more hands-on learning, assign
more writing, and make more use
of traditional forms of assessment
than mathematics teachers. Among,
math reachers, 26% report work-
ing with objecrs ar least once a
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week and only 8% report working
with blocks ar least once a week. By
contrast, 81% of science teachers
report conducting hands-on activi-
ties. Writing is relatively rare in
marh class, with 36% of teachers
assign.ng, written reports, whereas
68% of science teachers assign such
work., And while both mathematics
and science teachers seem to rely
mare heavily on tests than on
portfolios or projects to assess
student progress, math teachers arc
more likely to use on-going forms
of assessiment. Assessmiene from
portfolios is reported by 29% of
math teachers, as opposed to 18%
of science teachers, and assessment

from projects is reported by 34% of

math teachers, as opposed to 29%
of science teachers.

These descriptions provide a
mixed picture of the extent to which
the kinds of cffective classroom
practices that the qualitative litera-
ture suggests are important are
actually being practiced. First, the
practice of higher-order thinking
skills occurs differently in math-
ematics and science. In mathemat-
ics, higher-order thinking skills seem
to be taking a back seat to rote
learning,. Teachers are more likely to
assign routine problems than to
teach students to apply conceprs to
new problems. Teachers also spend
little time making concepts concrete
through simulations; litele rfime
is spent on hands-on acrivities,
although real world problems are
often assigned. Higher-order
thinking skills seem to play a greater
tole in science. Science teachers are
much more likely o convey

e

concepts or problem-solving
techniques than faces. 1t is also
quite common for them to make
concepts concrete through hands-
on activities and demonstrations.
Second, collaborative learning
seems to be prevalent in borh
math and science; students often
seem to work in groups. Third,
learning seems not to he very
individualized, if professional
development is any guide. Tt is
very rare for teachers to receive
professional development to help
them deal wich the diverse back-
grounds of their student bodices, be
it training in issues regarding
special-needs children or training
in issues regarding limited-
English-proficient students.
Finally, assessments tend 1o be
more of the point-in-time tvpe
than the on-going type. Thus,
some cffective practices are being
implemented and others arc not.

The foregoing discussion raises
the question of whether the
practices understood to be effec-
tive indeed are so. “Effectivencss”
implies that these pracrices would
improve student academic perfor-
mance. Are applications, simula-
tions. collaboration, individualiza-
tion, and on-going assessment
indeed associated with high
student performance? This is the
question the nexe chaprer secks to
aswer, by linking teacher inputs,
professional development, and
classroom practices to studenrs’
scores on assessments of math-
cmatics and science.

1y
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Charter Torik:
LINKING ASPRECTS OF
TeacHer QUALITY 10
STupenNt Test

SCORES

The purpose of this study is to
map out the ways in which three
aspects of teacher qualin -—teacher
inputs, professional development,
and classroom practices—intluence
student academic performance, as
well as one another. This 1s accom-
plished through the statistical
technique of multilevel structural
cquation modeling (MSEM). Like
most techniques that are reterred
to as “mulevariate,” MSEM makes
it possible to isolate the influence
of any given factor on an outcome,
taking into account the other
potential influences. Tor instance,
classroom practices can be related
to student tes scores, taking into

account the various teacher inputs

and types of professional develop-
ment that might also influcnce
these scores. In addition, MSEM
makes it possible to relate a set of
factors 1o one another, telling a
story about how the outcome of
interest is influenced. For instance,
professional development on a
given topic may not simply influ-
ence student test performance; it
may also encourage teachers to
engage in certain classroom

practices that then translate into
improved student performance. In
sum, MSEM can be used o gener-
ate Hlow charts that indicate how
various aspects of teacher qualiry
influence one another, and

how these myriad influences
culminate in improved student
academic performance.’

For this study, five sets off
potential influences on student
achievement are tuken into
account: teacher inputs, teacher
professional development, class-
room practices, student socioeco-
nomic status, and class size. From
NALED it is possible to measure
three teacher inputs: the number
of vears of teaching experience,
whether the teacher has obtained
a master's degree or higher, and
whether the teacher majored or
minored in the relevant subject
arca {math or math education for
math and science or science
cducation for science).

The second set of influences
consists of aspects of professional
development. In addition to a
meastire of the amount of time
spent in any tvpe of professional
development over the last vear. this
set of influences includes six sets of
professional development topics
drawn from nine measures in
mathematics, and eight sees of
professional development topics
drawn from cleven measures in
science. The mathematics topics

For d more extended discussion of MSEAL see Appendix.

wd

are classroom management,
cooperative learning, working with
different student populations
(measured from professional
developmentin cultural diversity,
limited-English- proficient stu-
dents, and special- needs students),
on-going forms of assessment
(measured from professional
development on performance-
based and portfolio assessments),
higher-order thinking skills, and
interdisciplinary instruction. The
science topics include these six
topics, with the addition of
laboratory skills and integrating
scienee INstructions.

The chird ser of influences
consists of classroom practices. In
mathematics, a total of 12 tvpes of
practice based on the 21 measures
shown in Figures 2 and 3 are
included. The amount of work
conducted in groups is measured
by asking tcachers how often
students engage in group discus-
sions, write group papers, and
worl on problems with partners.
The extent to which written
materials are used is measured by
asking teachers how often students
use textbooks and worksheets. The
extent to which students write
about math is measured by asking
reachers how often students write
reports and solve problems thae
involve writing, The extent to
which students are immersed in
concrete activities is measured by
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asking teachers how ofen students
solve real-world problems, work
with blocks, and work with other
physical objects. The extent o
which scudents take point-in-time
assessments is measured by asking
reachers how ofren students ke
any type of test, as well as how
often they take muldple-choice
tests and constructed-response
tests. The extent to which students
PArLicipate in on-going assessments
is measured by asking teachers how
often they utilize porttolios or
projects for assessment purposces.
Assigning homework, covering,
algebra and geomerry. drilling
students on routine problems,
solving unique problems, and
talking about math in class arc all
measured by asking teachers about
cach of these practices directy. In
scienice, 14 kinds of practices based
on 21 measures are included. The
extent to which students use
verigten materials is measured by
asking teachers how ofeen students
read texebooks or other books. The
extent to which students give
reports is measured by asking
teachiers how often they assign
wrirten or oral reports. The extent
to which students are immersed in
concerete activities is measured by
asking teachers how often theyv do
demonstrations, talk about hands-
on activitics, and have students do
nands-on activities. The extent to
which students take poine-in-time
tests is measured by asking reacners

how often students take any type
of tests, as weldl as how often they
take multiple-choice tests and
constructed-response wests, The
extent to which students partici-
pare in on-going assessments is
measured by asking teachers how
often they utilize portfolios and
projects for assessment purposcs.
Assigning homework, warking in
groups, covering life, carth, and
physical science topics, dealing
with facts, coneepts, and problem
solving, and talking about science
in the news are all measured by
asking teachers about cach of these
practices directly.

The fourth and fitth sets of
influences do nor involve teacher
quality. The fourth set—the
refative atHuence of scudens, or
socioeconomic status—is measured
by asking students abour the
education levels of their parents, as
welt as whether their families
PUSSESS CCITN resources: Newspi-
pers, magazines, more than 25
books, and w1 encvclopedia. The
fifth sct—onc aspect of the level of
resources in the school—is mea-
sured by asking teachers how many
students are in cach class.

These five sets of factors are
related to student academic perfor-
mance in three steps, First, the
impact of teacher inputs above
and bevond class size and student
socioeconomic status is measured.
Second, professional development
is added to the mix; teacher inputs,

class size, and sociocconomic starus
are related o professional develop-
ment. which, in turn, is relaced o
student academic performance,
Finally, classroom practices are
included. Teacher inputs, class size,
and socioeconomic stacus are
related to professional develop-
ment and classroom practices,
Professional development is then
related to classroom practices,
which are related o student
academic performance. The story
of teacher quality’s influence on
student academic performance
thus cousists of three parts:
Teacher inputs influence profes-
sional development, professional
development influences classroom
practices, and classroom practices
influence student achievement.
And all of these influences take
N aecount sociocconomic status
and class size, meaning tha the
impact of teacher quality is mea-
sured above and bevond these non-
teacher-quality facrors, The
renutinder of this chaprer presents
the results of these analyses, first by
showing flow charts of the path-
ways through which aspects of
teacher quality influence one
another and student achievement,
excluding from the charts those
aspects that do not have any
influence. Then the size of the
influence of these aspects of
teacher quality is measured using
grade levels to indicare whether the
mfluence is substantial cnough to
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be of policy interest, and using
another number ro indicate the
influence of each facror refative o
the others,

The flow chart for mathemat-
ics indic;il‘c.\ that one wacher
mput, two aspects of prolessional
development, and owvo classroom
practices have a positive impact on
student achievement, whereas one
classroom practice has a negarive
impact (Figure 9). Both non-
teacher-quality factors influence
math achievement. More aftluent
students score higher than less
affluent students, Studenes in
smailer classes outperform students
in larger classes. Of the three
teacher inputs, only the weacher’s
major plavs a role. Students
perform better when their wachers
have majored or minored in the
subject thev are teaching, Of the
six professional development
topics. two prove influential,
Students whose weachers receive
professional development in
working with different student
populations outperform students
whose teachers lack professional
development on this topic. Also.
studenes whose teachers receive
professional development in
higher-order thinking skills outper-
form students whose teachers lack
such professional development. Of
the 12 classroom practices, three
have an influence on marhematics
achievement. Students who fre-
quently engage in hands-on
learning scem to outperform those
who spend less time in this man-

ner. Students who are frequently
exposed to higher-order dhinking,
skills outperform those who lack
stich exposure. And students who
participate in on-going asscss-
ment activities acrually perform
worse than other students,

These Factors also seem o
have complex interrelationships
with one another, The amount
of time spent in professional
development in the lase year is
included in the chart because,
although it does not directly
influence mathematics achieve-
ment, it does influence a class-

room practice that itself positively

influences scudent achievement:
Teachers with more professional
development seem o be more
likely to engage in hands-on
learning activities. Soctoeconomic
status and class size influence
factors other than studem
achievement, More affluent
students are fess likely to engage
in hana-on learning activities.
less likely to have teachers who
have received professional devel-
opment in working with different
student populations, and more
likely to have reachers who have
spent less dme in professional
development overall. Students

in smaller classes are also less
likely to have weachers who have
received protessional development
in working with different student
populations and more likely to
have weachers who have spent

fess time in professional develop-
ment. On the other hand, teach-

to he seered oward this tepe ol professional developinent.

A

crs who have majored in the
relevant subject area tend 1o spend
more time in professional develop-
ment. They are also more likely to
convey higher-order thinking
skills. Professional development in
such skills also scems to influence
classroom practice; teachers receiv-
ing such professional development
are more likely to engage in hands-
on learning and o use on-going
forms of assessment.

In science, one teacher input,
one aspect ol professional develop-
ment, and two classroom prictices
have a positive influence on science
achicvement, whereas one aspect
of protessional development has
a negative influence (Figure 6},
Sociocconomic status and class size
again influence science achicve-
ment. More allfuent students and
those in smaller classes have an
edge over other students. As with
mathematics, the only teacher
input to make a difference is '
weacher’s major, The students ¢
teachers who majored in science
(or scichee education) outperform
those whose teachers had other
majors. OF the eight professional
development topies. the only one to
positively influence science achieve-
ment is laboratory skills: students
do beeeer when their teachers have
received this form of taining. On
the other hand, students do worse
when their ccachers have received
professional development in
classroom management.!

Of the 14 classroom practices,
two prove important: students

[ivis negative elationship may be duc o selecion elfeds. Formstance, wachers who e umskilled m monagiog their dasses might be mone likel:
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whost teachers conduct hands-on
learning activities and those whosce
teachers wilize point-in-time
assessments outperform their
peers. Both of these practices are
thus important in both subjects;
hands-on learning is important in
mathematics as well, and the
finding of point-in-time assess-
ments having a positive influence
in science means the same thing as
the finding of on-going assessments
having a negative influence in
mathematics.

Some of these factors are also
related to one another, although
fess so than in math. In science,
more affluent students tend to
engage in hands-on learning.
Teachers majoring in che relevane
subject area tend to spend more
time in professional development
and are more likely to engage in
hands-on learning. As in math,
the morte time teachers spend in
professional development, the
more time they and their students
engage in hands-on learning. And
teachers who receive professional
development in laboratory skills
are more likely to use point-
In-time assessments.

Although the flow charts
indicate the important roles
various teacher inputs, aspects of
professional development, and
classroom practices play in student
learning, they do not quantity
these roles. The size of the impact
of cach aspect of teacher quality
can be measured in two wavs: by
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Table 1 -

Impact of Teacher Inputs, Professionai Developmentl, and
Classroom Practices on Mathematics Achievement:

Grade Levels

Aspect of Teacher Quality

different student populations

thinking skills
Hands-on learning
Higher-order thinking skills

Assessment without testing

Major/minor in math/math education

Grade Levei

39%

Professional development in working with

107%

Professional development in higher-order

40%

72%

39%

-46%

the pereentage of a grade fevel a
students test score will increase
when a certain factor is present, and
by the relative influence of each
factor on student performance,
measured using a common scale.
All of the factors that influence
mathenutics and science achieve-
ment seem to have an impact that
can be regarded as substantial in
terms of grade levels (Tables 1 and
2). Students whose teachers major
in the relevant subject arca are
39% of a grade level ahead of other
students both in math and science.
Students whose teachers recelve
professional development in

oy

working with difterent student
populacions are 107¢% of a grade
level ahead of their peers in math,
Students whose teachers receive
professional development in
higher-order thinking, skills are
40% of a grade level ahead of
students whose teachers lack such
training in mathematics. Students
whose teachers receive professional
development in labo ory skills
are 44% of a grade level ahead of
those whose teachers lack such
training in science. Students whose
teachers receive professional
development in classroom manage-
ment are 37% of a grade level




Table 2

Impact of Teacher Inputs, Professional Development,
and Classroom Practices on Science Achievement:

Grade Levels

Aspect of Teacher Quality Grade Level
Major/minor in science/science education 39%
Professional develcpment in laboratory

skills 44%
Professional development in classroom

management - -37%
Hands-on learning 40%
Assessment with testing 92%

Tabie 3

Impact of Teacher Inputs, Profe sional Development,

and Classroom Practices on ' athematics Achievement:

Reiative Scores

Factor Math Science
Student sociceconomic status 76 75
Average class size 10 R
Major/minor in subject area Q9 .09
Professional development in working with

different student populations 21 .00
Professional developrent in higher-

order thinking skitls 2 .00
Professional development in

laboratory skills N/A 13
Professional development in

classroom Management .00 -13
Hands-on learning 25 18
Higher-order thinking skills a3 .00
Assessment without testing -.18 .00
Assessment with testing .00 21
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behind their peers in science.
When students are exposed ro
hands-on learning on a weekly
rather than a monthly basis, they
prove to be 72% of a grade level
ahead in mathemarics and 40% of
a grade level ahead in science.
When students are exposed to
higher-order thinking skills “a lot”
rather than “some,” they prove to
be 39% of a grade level ahead in
mathematics. Students exposed on
a more frecuent basis to on-going
types of assessment in mathematics
lag 46% of a grade level behind
those who are exposed to these
testing practices o1 a less frequent
basis. Students exposed to point-
In-time assessments in science on a
more frequent basis are 92% of a
grade level ahead of those exposed
TO pOoINt-in-time assessments on a
less frequent basis.

The relative importance of
various aspects of teacher quality is
most clearly revealed by examining
measures of their impact on test
scores using a common scale (Table
3). Consistent with prior studies as
tar back as the Coleman Report,
te data indicate that the most
influential single measure is socio-
economic status, with a score of
.76 in math and .75 in sciencc.
However, when added together, the
aspects of teacher quality (rows 3
through 11 of Table 3) are about as
strong an influence, totaling .98 in
math and .74 in science (negative
influences are added as positive
influences, meaning that they have
a positive impact when the oppo-
site phenomenon occurs). They
far overshadow class size, which




hasa score of .10 in math and .11
in science. Ot the aspects of
teacher quality, classroom practices
arc the most important, followed
by professional development, with
teacher inputs being the least
important. In mathematics, class-
room practices (rows 8 through 11
of Table 3) have a total influence of
.56, followed by the four aspects of
professional development which
total .33 and teacher inpurs at .09.
In science, scores for classroom
practices total .39, those for profes-
sional development total .26, and
those for teacher inputs toral .09.
In sum, the MSEM reveals the
overwhelming importance of
teacher quality to student academic
performance. Both in mathematics
and science, various aspects of
teacher qualiry do have a substan-
tial impact on test scores. More-
over, it appears that it was impor-
tant to include classroom pracrices
in the study. as these proved to
have a larger impact than any other
measures of teacher quality. Before
discussing whar these findings
imply, however, they need to be
interpreted in more derail.
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CHAPTER Fours
CONCLUSIONS

The findings of this study can be
most easily interpreted by placing
them in the context of prior
qualitative swork on classroom
practices. That work noted the
cfficacy of teaching that conveyed
higher-order thinking skills, used
methods that were collaborative
and individualized, and monitored
student progress through on-going
forms of assessment.

This study found strong
support for the notion that con-
veving higher-order thinking skills
leads to improved student perfor-
mance. At first glance, the study
seems to suggest that higher-order
thinking skills are important in
math but not science. But the
measures of higher-order thinking
skills used in this study involve the
process of generalizing through
applications. Conceprs are devel-
oped from one set of problems,
then applied to help solve a very
different set of problems. Yert,
anather factor included in the
study, hands-on learning, actually
represents another aspecet of
higher-order thinking skills—
namely, concretizing, concepts
through simulations. As hands-on
[earning proved to influence both
math and science achievement, it
would scem that the usefulness of
applications of higher-order think-
ing skills is particular to math, but
that the usetalness of sinidarions of
higher-order thinking skills is
general to both subjects. This
finding is consistent with the
analvsis of NITS:88, which

measured higher-order thinking
skills primarily in terms of general-
izing from one set of problems to
another, and found an impact for
math burt not science. The
NELS:88 analvsis did not, how-
ever, include hands-on learning.

The current study also found
some support for the effectivencess
of individualizing instruction to
take into account che diftering
knowledge and skills which differ-
ent students bring into the class-
room. Professional development in
cultural diversity, teaching scudents
wirh limited English proficiency,
and teaching students with special
needs were all linked ro higher test
scores in mathematics. In science,
however, these opics of profes-
stonal development did not scem
to make a difference.

This study did noc find sup-
port. however, for the views of the
qualitative literature on collabora-
tive learning and assessment
practices. however. Wich regard to
collaborative learning, che study
revealed no benetits in cither
subject from working in small
groups. With regard to assessment
practices, the study actually found
the opposite of what the qualita-
tive research would expect. While
the qualicative work supports the
idea chat portfolios and projects
are more ctlective as assesament
tools than point-in-time tests, this
study found that students sutfer
academically from a lack of point-
in-time testing. [ would be over-
reaching, however, to interpret this
result as meaning that portfolios
and projects should be taken out of
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the classroom and replaced with
multiple-choice tests. The virtue of
point-in-time tests is that thev are
the only situation in which stu-
dents are on their own: their work
product is ro a large extent a
function of cheir own knowledge
and understanding, rather than a
mixture of contributions from
them, their teachers, and their
peers. Being able to distinguish the
work of each studenr from that of
others has important ramifications
in that it helps the teacher better
understand individual students’
strengths and weaknesses and
makes it possible to hold students
accountable for their learning. This
being the case. portfolios and
projects may not be adequate as
toals for the assessment of an
individual studenc because they
cannot as casily distinguish the
contribution of the student from
that of his or her peers and teacher.
But portfolios and projects may
still be important in helping
teachers assess whar the class as a
whole has [earned. In chis sense,
portfolios and projects may be
excellent tools for professional
development, helping teachers
identify their own strengths and
weaknesses. They mav also be
excellent tools for teacher account-
ability, scrving as one basts tor
evalnations of their work. Also,
while the study found tests w0 be
cettective assessment tools, it did
not find any format to be particu-
farlv ctfective. Multiple-choice tests
are no more effective than con-
structed-response tests, or indeed
any other kind of farmat. Thus.
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while the study supports che use of

pdint-in-time teses, it does not
necessarily support the notion that
portfolios and projects should not
be used, nor that multiple-choice
tests should be used.®

Some of the findings about
nonclassroom practizes are also
worth noting. The study finds thac
professional development is closely
linked to classroom practice;
various types of professional
development encourage effective
practices. In addition, the study
suggests that the more extended
the professional development, the
more it encourages effective class-
room practices. And teachers who
are more knowledgeable about the
subjece arca they teach, as mea-
sured by majoring or minoring in
that subject, are also more likely to
engage in effective ciassroom
practices. All of these notions are
supported by the qualicative
literature, which suggests that
teachers with greater mastery of
their subject and armed with richer
and more sustained professional
development, are better able to
teach higher-order thinking skills
and engage in relared practices,
such as hands-on learning.

The methods employed to
arrive at these tindings. did address
many of the problems in prior
rescarch. The study relates a set
of classroom practices to student

-

achievement, a more comprehen-
sive set than has previously been
available. For the firsc time, this
analysis includes professional
development and teacher inputs
along with these practices, showing
how professional development and
teacher inputs can both contribute
to student performance and to
cttective classroom practices; it
accomplishes chis with a national
sample, racher than the small
samples that are typical in input-
output research; it includes a
sophisticated measure of student
outcomes—scores on the stan-
dards-based NAED tests in math
and science; it takes into account
characreristics of students and
schools, such as student socioeco-
nomic status; and it employs
multilevel methods to handle

the multiple levels of analysis

in the data.

These methodological
strengths of the study notwith-
standing, it has several shortcom-
ings that leave ample room for
further rescarch. First, ¢his study
covers students at only one grade
level and in two subjects. Eighth
graders in math and science are
analyzed. Resules might differ at
other grade levels and in other
subjects. Subsequent rescarch
should examine the math and
science assessments for fourth and
ewelfth graders, and other subject

area assessments for all three ™ -
erade levels.”

Second, this study is cross-
sectional, not fongitudinal.
Cross-sectional studies collect
information at a single point-
in-time, whereas longitudinal
studies follow a group of students
across many vears. | he disadvan-
tage of cross-sectional studies such
as this one is that the outcomes
occur at the same time as the
factors that apparently influence
them, raising the possibility that
the outcomes influence the facrors
rather than the other way around.
Perhaps students who do well on
tests tend ro gravitate to classes
with more hands-on learning, for
example. Also, without a prior
measure of student test scores,
cighth-grade scores may represent
the cumulative impact of school
and family influences over the
child’s lifetime. 1f this is the case,
then many practices of cighth-
erade teachers that influence
student test scores might appear
not to, because they are overshad-
owed by the impact of the prac-
tices of carlier teachers on students’
test scores. But in this case, the
classroom practices of cighth-grade
teachers that do appear to influ-
ence student test scores are all the
more influential, because they
cmerge on top of the influence
of the classroom practices of carlier

feshould also be noted here that becanse these tindings pertain o various kinds of tests. it is not dear whether they perrain prinuarily o wacher-

written tests wsed tor instuctional parposes or also include state- o district-mandated teds used lor accountability purposes.

O

Such a prajecis under was for reading using the 1998 NAEP reading assesment. Because of che noncomparability of some measares of weacher

qualivy bevween the 1996 NALP miath and sdience assessmients and the 1998 NALD weading assessment results from the reading assessmient are

not included here.
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teachers. Subsequient research
should address these issues by
analyzing a national longitudinal
sample. Since none of the existing
national longitudinal databases
includes @ comprehensive set of
classroom practices, such a study
would have to collect new darta.
But, given the importance of
classroom practices, such an effort
would be well worth undertaking.”

Third, more detailed informa-
tion on classroom practices is
needed. The 1996 NAED databases
used in this study include informa-
tion on whether professional
development was received in
various topics, but not on how
much time has been spent on
cach topic. Also, while the daca-
bases indicate whether there is
professional development on
dealing with special populations
of students, they do not document
what teachers do in the classroom
to adapt to the dittering needs of
their students. Perhaps subsequent
administrations of NAEDP could
include more questions at this level
of derail.

Finally. researchers need to
measure the impace of classroom
practices an outcomes other than
tests scores. The tests used in this
study are a better proxy for student
understanding than many other
tests would be. They include
questions that tap into higher-
order thinking, as indicated by
the fact that test scores are related
to the classroom practice of
conveying of higher-order thinking

“skills. The NALD rests are also

designed 1o be consistent with
national academic standards,
making them useful as measures of
whether students are meeting those
standards. Nonetheless, it would
be worthwhile to examine other
important student outcomes, such
as scores. on Advanced Placement
Tests, and outcomes that do not
involve tests at all, such as how far
students go in school and their
occupations 10 vears out of school.

These methodological short-
comings not withstanding, certain
policy implications can be drawn
from chis study. First, the study
provides ample evidence that the
interest of policymakers in improv-
ing teacher quality is justitied.
Some policymakers maintain rhat
there is Hittle that school systems
can do to improve student aca-
demic performances how students
perform depends too much on.
tactors that are outside the purview
of the school, such as socioeco-
nomic status. Yet, this study
indicates that one aspect of schools,
the quality of their teaching foree,
does have a major impact on
student test scores—indeed an
impact the - is comparable in size
to that of student socioeconomic
status. Other policymakers main-
tain that schools can make a
difference. but primarily through
increasing the quantity rather than
the quality of teachers, thus
reducing class sizes. Yer, this study
indicates that the potential benefies
to students of smaller class sizes,

Measoring stiudent test seores longitudinaly i often referred o s the “Vilue added™ approach.
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while subscantial, are far overshad--
owed by the potential benefits of
improved teacher quality. The
aspects of teacher quality measured
here have an impact seven to 10
times as great as that of class size.
But if the focus of policy-
muakers on teacher quality is justi-
tied, their focus on non-classroom
aspects of teacher quality is not.
Policymakers seeking to improve
teacher quality often propose to
alter the qualifications or finances
of teachers, hoping that such
changes will result in improved
studenr achievement. This study
finds. however, that two of the
three teacher inputs measured here
proved unrelated to student
academic performance. And the
one input that did make a differ-
ence, whether the reacher majored
or minored in the relevant subject,
had only a modest effect, far
overshadowed by the effects of
classroom practices and profes-
sional development. Other inputs
not included in this study, such as
the preservice training of teachers
or their proficiency in pedagogical
knowledge. as measured by stan-
dardized test scores, might very
well make a difference. Nonethe-
less, policvmakers should stop
relving on inputs that do not
make a difference, and pav greater
attention to the classroom practices
that do. To improve reacher quality
in wavs that will improve student
achievement. then. policymakers
need to find ways to encourage
cttective classroom practices.




Another implication of this
study is that professional develop-
ment is a useful tool for improving
classroom practices. This study
indicates char the most effective
classroom practices involve convey-
ing higher-order thinking skills
and engaging in hands-on learning
activities. The study also finds that
teachers who receive rich and
sustained professional development
generally, and professional devel-
opment geared toward higher-
order thinking skills and concrete
activities such as laborarorics
particularly, are more likely to
engage in cttective classroom
practices. Policymakers could thus
improve teacher quality by provid-
ing more oppartunities for teachers
ta receive professional develop-
ment. That professional develop-
ment should occur over an
extended period of titae rather
than being limited to a weekend
seminar, and it should cover topics
closely tied to classroom practices.

Policymakers might also make
use of more prescriptive mecha-
nisms to cncourage the reaching of
higher-order thinking skills and
rclated practices. Policymakers
could reform srate math and
science standards to make sure chat
they are consistent wich the call of
national math and science stan-
dards for greater emphasis on
higher-order thinking skills. Also,
provided that teachers receive
adequate professional development,
they might be provided with
rewards for carrying this emphasis
into the classroom. Financial

—u
I\l

bonuses could be provided o
teachers, not simply for scudent
test scores (a portion of which are
influenced by factors outside
teachers’ control), but also for
putting into practice a curriculum
oriented toward effective classroom
practices. Advanced certification,
such as thar of the National Board
of Professional Teaching Standards,
could also be offered as a reward
for effective teaching along the
lines described here.

In sum, this study shows not
only that teachers matter most, but
how they most matter. For too
fong, policymakers have sought to
improve teacher quality by chang-
ing the mix of who gocs into
teaching, making teaching more
attractive through higher salarics,
requiring more education, or
streamlining recruitment proce-
dures. Yer what really matters is
not where treachers come from,
but what they do in the classroom.
And it is possible to make
improvements in classroom prac-
tices with the current teaching
force, irrespective of educational
levels or other qualifications. The
first step is for policymakers to
stop scratching the surface of
teaching and learning through
superficizl policies that manipulate
teacher inputs, and instead roll up
their sleeves and dig into the
nature of teaching and learning
by influencing what occurs in
the classroom.
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APrpenDIX: How
THE STUDY YWas

CONDUCTED

This study makes use of the
technique of multilevel structural
cquation modeling (MSEM). Tes
structural equation modeling
aspect involves two compaonents:
measurement models chat relate
constructs to muldple indicators
of those constructs, and path
models thar relate the constructs
to one anocher. The hvpothesized
measurement and path models

are tested against a covariance
matrix of data on the observed
vartables, and the goodness of

A between the hypothesized
models and the observed data s
measured through various staris-
tes, including goodness-of-fit
indices and the root-mean-squared
ervor ot approximation. The
multilevel version ol astructural
equation model has separate
measurement and path models tor
student- and school-level variables,
and it tests these models against a
between-school covariance matrix
and a within-school covariance
matrix that is orthogonal to it
Eftect sizes and significance tests
are thus estimared in a manner
that takes into account boch levels
of analvsis (Muthen, 1994). One
software package that supports
MSEMs is STREAMS. STREAMS
acts as a pre- and post-processor
for scructural equation modeling
(SEM) software, such as AMOS ot
LISREL, loading in the claborate
syitax required foran MSEM and

translating the SEM output in
rerms of a multilevel madel
{Gustafsson & Sahl, 1997).

For this study, three MSEMs
were developed in cach subject arca
using S TREAMS. First, teacher
inpucs were related to student tese
performance, taking into account
student sociocconomic status and
class size, For both mach and
science, these teacher inputs were
vears of experience, a master's
degree or higher, and a major or
minor in the relevant subject area.
Sccond. protessional development
activities were related to student
test performance, taking into
account student soctocconomic
status. class size, and those reacher
inputs found o be significantly
related to student rest scores in the
first model. Student socioeconomic
status, class size, and weacher inputs
were also related to professional
development. For both subjects,
the professional development
activities that were measured
included cooperative learning,
interdisciplinary instruction,
higher-order thinking skills,
classroom management. porttolio
asscssment, performance-based
assessment. culeural diversio
special needs students, and Timited-
English-proficiency students, and
the number of hours of profes-
stonal development irrespective of
topic. FFor science, integrating
science instruction and laboratory
skills were included as well. Third,
classroom practices were related 10
student west performance, taking
inco account student sociocco-

nomic status. class size, and those
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teacher inputs and professional
development activities that were
found to be significantly related to
test scores. The amount of time in
professional development was also
included, although ichad not been
directly relared to test scores in the
second model. Student socioeco-
nomic status, class size, reacher
inputs, and professional develop-
ment were also refated to class-
room practices. The practices
included in math were those listed
in Figure 3 and the practices
included in science were those
histed in Fignre 4. A

The results Tor these six models
were combined into the path
diagrams displaved in Figures 5
and 6. Relationships to mathemat-
ics achievemenr were drawn from
the appropriate models (teacher
inputs from model 1, professional
development from model 2, and
classroom practices from model 3).
Relationships among variables were
drawn from model 3. The effece
sizes expressed in terms of grade
level increments in Chapter
Three were derived from rhe
unstandardized cocfticients from
the appropriate models, The
models express these coefficients as
points on the NALEP scale. As there
are roughly 50 points between the
average fourth and cighch grader
on the NAED scale in each subject,
one-fourth of this amount, or
12.25 points was treated as a grade
level. The effect sizes expressed on a
common scale in Chapter Three
are the standardized coctficients
from the appropriate modcls.




All models had adequate goodness-
of-fit.

The current study makes use of

data from the National Assessment
of Educational Progress (NALD),
and some words are in order about
the picfalls in using such daa. The
two most serious potential pittalls
in using NALED data involve
variability in the measurement of
student academic performance and
variability in the sample, Measure-
ment variability stems from the
fact that only a subset of the items
in the assessment is administered
to cach student. The student’s
score is imputed through a proce-
dure known as “conditioning.”
Based upon information abour the
student and his or her school, five
possible scores are developed, and
are referred to as “plausible values.”
Any analysis of the data needs to
take into account the error underly-
ing, the variability in the plausible
values. Sampling varability stems
from the fact thar NALDP draws a
stratified, clustered sample. 1 the
data are treated as iFNAED is a
stmiple random sample, standard
crrors will be underestimated,
making nonsignificant differences
appear significant {Johnson, 1989:
Johnson, Mislevy & Thomas, 1994
Johnson, Rust & Wallace, 1994).

For this study. the solution o
the first problem was to nmodel

measurement variabilivy explicidy.
All five plausible values were
treated as manifest variables and a
latent vatiable of student academic
performance was generated from
the manifese variables, and their
corresponding error terms. The
level of error estimated in this way
closely matches che fevel of error
caleulated using other methods.
The solution to the second prob-
lem was to estimate a design
cttect and inflate the standard
errors accordingy.

[t is worth noting that one
common misconception about the
analvsis of NAEDP daca is that it s
not possible to conduct analyses at
the individual level. One reason
that chis is a misconception is that
all measures exeept for student
academic performance do not use
plausible values methodology and
consequently are meaningful for an
individual respondent. And while
the measures of student academic
performance are not meaningful
for individuals in absolute terms.
the varianee in performance
among individuals can be esti-
mated, provided chat the error
caused by measurement variabiliny
is raken into account.
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